yes, but necessity of a covalent linker between the immunogenic carrier protein and the low-mass antigen could affect the bindig selectivity of resulting antibodies yes, with exception for poorly functionalized or very low-mass molecules. present in the sample and it is bound to the analytical antibody.
In this kind of assay the analytical antibody is usually immobilized on a solid surface and the competition is in solution between the analyte and a tracer. Alternatively (Figure 2 ), a fixed amount of analyte is immobilized onto a solid surface and it competes with the analyte in the sample for a fixed amount of labelled analytical antibody introduced in solution.
In the non-competitive format ( Figure 3 ) an excess of analytical antibody is bound to the analyte, and the complex is then detected with a tracer able to bind the complex but not the free, non-bounded antibody in excess. This format is typical assays can be explained by reasons of their poor sensitivity due to the usually low analytical signal generated by the ligand, while the absence of non-competitive assays may also be explained by the fact that, currently, it is quite difficult to obtain efficient MIPs with such characteristics, i.e., nanosized polymeric structures and molecular recognition properties focused on different epitopes present in the same target molecule. In consequence, it seems more appropriate to review the available literature in terms of the nature of the used tracer, and taking into the account that the overwhelming majority of the MIP-based immunoassays are labelled and competitive by default. is bound in excess to a solid surface, then the analyte is absorbed by the capture antibody and the complex is quantified with the appropriately labelled second antibody.
Radiochemical tracers
(3) the presence/absence of a separation step between the free and the antibody-bound tracer molecule (homogeneous / heterogeneous assays). In the homogenous assay the analyte bound to the analytical antibody does not need to be separated from the remaining free analyte as the analytical signal depends only by the presence of the immuno complex. On the contrary, in the heterogeneous assay the analyte bound to the analytical antibody must to be separated from the remaining free analyte before the development of the analytical signal. [3] . 1-100 µg/ml. Selectivity was good for ametryne and deethylatrazine, but not for propazine, which was recognized with a CR 50 of 75%.
Molecularly imprinted sorbent assays
In the same period, development of MIP-based assays working in aqueous buffers were described for yohimbine A EDMA-co-4VP (ethylene dimethacrylate-co-4-vinylpyridine) polymer was used to develop an assay for the herbicide 2,4-dichlorophenoxyacetic acid. The effect of the buffer pH was studied in the range 3-9, finding a significant corticosterone and cortisol were used, the assays performed in tetrahydrofuran showed detection limits in the range 10-100 nM for both the analytes, while selectivity towards several related corticosteroids was very good, with cross-reactivity under 10%
level and in accordance with selectivity measured for several commercial polyclonal antiserums.
Assays for morphine and [Leu 5 ]encephalin were performed in mixed organic-aqueous medium, obtaining selectivity comparable with several commercially available monoclonal antibodies (Table 4) . Interestingly, the assay for [Leu 5 ]encephalin was developed by using the corresponding anilide as template mimic to enhance its solubility in the porogenic solvent during the polymerization process.
The assay for the immunosuppressant drug cyclosporine A was performed in diisopropyl ether after direct extraction of haemolysed blood samples. It showed good sensitivity at 100 ng/ml level not only for the template, but also for several related and clinically relevant metabolites.
Atrazine was used to develop an assay working in toluene assays based on radiochemical tracers is largely decreased after the year 2000. As for antibody-based radioimmunoassay, the causes of this decline can be identified as unavailability in the market of isotopic-labelled tracers for many analytes of interests and to the legislative restrictions to detention, use and disposal of radionuclides.
Enzymatic tracers
The use of enzyme-labelled antigens has been described as early as 1968 and it has become of the most popular labels for immunoassays, largely superseding radioimmunoassay [21, 22] .
Its popularity is mainly due to the absence of drawbacks typical of radiotracers, the commercial availability of many enzymes at low cost and high degree of purity and the easiness of In a following work, the same authors describing a microplatebased assay based on the same 2,4-D-imprinted microbeads as described previously [24] . In this work, the microbeads were glued in microplate wells by using polyvinyl alcohol, and the amount of bound tracer was measured in chemiluminiscence mode (luminol/ H 2 O 2 ) in a high-throughput imaging format with a CCD camera.
The calibration curve resulted in a dynamic range from 0.01 to 100 µg/ml. This assay was successfully applied to tap water spiked with the target analyte. In a further development, a flowinjection competitive assay with chemiluminiscence detection analogous to the enzyme assays seen previously was developed using a 2,4-D-imprinted polymer grafted onto the inner surface of a glass capillary [25] . In this assay the 2,4-D-enzyme conjugate was fluxed together with the analyte through the capillary. After a washing step, the chemiluminescent substrate was injected and the bound fraction was quantified. The calibration curve resulted in a dynamic range from 0.5 ng/ml to 50 µg/ml in continuous mode and 5 to 100 pg/ml in stopped-flow mode.
The development of imprinted microplates has been described by Piletsky and co-workers for an enzyme-labelled radiotracer rebinding in acidic conditions. When phosphate buffer pH 7 was used, a working range of 0.135-45 µM with a detection limit of about 0.1 µM was obtained. Selectivity was good with respect to several structurally-related herbicides (CR 50 : 24% for 4-chlorophenoxyacetic acid, 15% for 2,4-dichlorophenylacetic acid, 10% for 4-chlorophenylacetic acid, 7% for 2,4-dichlorophenoxyacetic acid methylester, 2% for phenoxyacetic acid and <0.1% for phenoxyethanol). Interestingly, the long chain analog 2,4-dichlorophenoxybutyric acid was recognized at the same level of the template (CR 50 : 95%).
(S)-Propranolol was the target analyte considered for the development of a molecularly imprinted sorbent assay based on imprinted-magnetic iron oxide composite beads to separate the bound radiotracer from the unbound fraction [17] . Nanoparticles of magnetic iron oxide were incorporated using a suspension With the aim to facilitate the assay equilibration and the mass transfer process during the ligand rebinding process, competitive radiotracer assays have been developed for theophylline [18] , 17α-estradiol [18] and 17β-estradiol [19] by using submicron-sized beads prepared by precipitation polymerization. The assays for theophylline and 17α-estradiol resulted highly selective for the template analytes when performed in acetonitrile. The assay for 17β-estradiol was not tested on real samples, but it was used to successfully screen for endocrine disrupting chemicals, showing high selectivity for the template molecule and a limited recognition for related 17α-estradiol, estrone, and 17α-ethynylestradiol, with a crossselectivity of 14%, 5%, and 0.7%, respectively.
Beside heterogeneous radiotracer-based assays, an example of homogenous assay format has been applied for (S)-propranolol using the scintillation proximity approach [20] . In this approach a scintillation reporter monomer, 4-(hydroxymethyl)- 
Fluorescent tracers
Usually, in molecularly imprinted sorbent assays based on fluorescent tracers the target analyte is not fluorescent, and a fluorescent tracer can be used in a competitive approach (Table 5 ). This approach solves the difficulty of obtain proper analytical signals from poorly or completely non-fluorescent targets, and it is strongly competitive to the approach consisting in the cumbersome derivatisation of the target analyte with a fluorescent tag before of a non-competitive assay. Even though, the main limit of this approach frequently is the difficulty to obtain an imprinted polymer able to bind in the same manner both the target and the fluorescent tracer [33] .
The first fluorescent molecularly imprinted sorbent assay was reported in literature by Piletsky and co-workers. It describes a competitive approach for triazine [34] . In this work the competing label was a fluorescent analog of the analyte, 5-[(4,6-dichlorotriazin-2-yl)amino]fluorescein, and the analytical signal was given by the fluorescence of the free tracer at the equilibrium. The assay showed a dynamic range from 10 µM to 100 mM, and resulted selective for triazine with respect to atrazine and simazine. The same tracer was used in a microplate-based assay [27] . In this approach, the bottom of the wells was grafted with a thin layer of imprinted poly-3-aminophenylboronic acid obtained by oxidation with ammonium persulphate. The assay performed in phosphate buffer at pH 6 resulted in a detection limit of 8 µM.
A fluorescent competitive assay is described by Piletsky and co-workers for the determination of chlorophenols in water [35] . The assay was based on the competition between pentachlorophenol-aminomethylcoumarin acetate as tracer and chlorophenols for the binding to a pentachlorophenol-imprinted TRIM-co-urocanic acid polymer. The competition reaction was performed on microfiltration plates in phosphate buffer at pH 7. The amount of unbound tracer was measured by HPLC analysis of the fluorescent product of the enzymatic reaction.
The optimized conditions resulted in a dynamic range from 0.1 to 25 µg/ml with a detection limit of 0.1 µg/ml). The assay was found to well recognize chlorophenols other than pentachlorophenol (CR 50 : >95% 2,4,6-trichlorophenol, >95% 2,4-dichlorophenol, >95% 4-cyano-2,6-dibromophenol) but also several unrelated pesticides (CR 50 : 62% γ-hexachlorocyclohexane, 61% mecoprop, 58% diuron, 57% isoproturon, 56% chlorpyriphos, 50% simazine, 45% glyphosate, 43% 2,4-dichlorophenoxyacetic acid, 37% hexachlorobenzene, 35% 2,4,6-trichlorobenzoic acid).
The assay was applied to the analysis of pentachlorophenol in water and packaging materials.
assay for epinephrine [26, 27] . In this approach, the bottom of the wells was grafted with a thin layer of imprinted poly-3- , and the pesticide trichlorfon [32] . The assay for ractopamin (IC 50 : 15.8 ng/ml, detection limit 10 ng/ml) was applied to fortified urine and pork samples with recoveries ranging from 77.7% to 108.9% (urine) and from 93.5% to 101.1% (pork). The assay for methimazole (IC 50 : 70 ng/ml, detection limit 1 ng/ml) was successfully applied to fortified urine samples with recoveries ranging from 90% to 95%. The assay for trichlorfon (IC 50 : 6.8 µg/ml, detection limit 6.8 ng/ml) was successfully applied to fortified leek samples with recoveries ranging from 106% to 110.5%.
In conclusion of this section, the use of enzyme labels in molecularly imprinted sorbent assays is less problematic than the use of radiochemical tracers. However, some drawbacks are clearly present in enzymatic tracers. Imprinted polymers work well in organic or mixed aqueous/organic solutions but enzymes same fluorescent tracer [39] . The detection limit was decreased to 0.197 µM with a dynamic range from 0.680 to 7.21 µM.
Selectivity was observed for ampicillin, oxacillin, penicillin V, amoxicillin and nafcillin. The assay was successfully applied to spiked urine samples with excellent recoveries.
The use of imprinted core-shell microbeads prepared by controlled/living polymerization has been described by Lu and co-workers for a fluorescent competitive assay for the herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) [40] . By using as tracer the structurally related fluorophore 7-carboxymethoxy-4-methylcoumarin, the authors obtained an assay in phosphate buffer at pH 7 with a dynamic range from 50 nM to 20 µM and a limit of detection of 10 nM. The use of surface-imprinted microbeads improved the assay performances with respect to bulk polymer but not the binding selectivity [36] .
The same tracer has been used to develop an homogenous were not recognized at all. An automated fluorescent assay for penicillins was subsequently developed by the authors using the 
(triazines) [27, 34] aminomethylcoumarin-PCP (pentachlorophenol) [35] 7-carboxymethoxy-4-methylcoumarin (2,4-dichlorophenoxyacetic acid) [35] [36] [37] 40, 41] [38, 39] chloramphenicol-methyl red conjugate (chloramphenicol) [42, 43] dansylchloramphenicol (chloramphenicol) [44] chloramphenicol/thiamphenicol. The same assay was described by Suarez-Rodriguez [44] , where the tracer was the fluorescent conjugate between chloramphenicol and dansylchloride. The assay, optimized for a packed photometric flow-cell, was found to be strongly dependent form of the concentration of the tracer in the mobile phase and the sample volume. The detection limit was 8 µg/ml and the working range was up to 100 µg /ml.
The same approach was used by Piletsky and co-workers for the detection of several amino acids [45] . This assay has been applied using imprinted polymer instead of antibodies, using colorimetric or fluorimetric detection of the labelled antigens (Table 5 ). The first example is by Karube and co-workers [42] . A chloramphenicol-methyl red conjugate was used as colorimetric tracer in a competitive displacement assay on chloramphenicol-imprinted EDMA-co-DEAEM (N,Ndiethylaminoethyl methacrylate) polymer packed in a HPLC column. Injections of chloramphenicol produced a concentration dependent displacement of the conjugate within a dynamic range from 5 to 1000 µg/ml with a detection limit of 5 µg/ml. The assay was successfully applied to serum samples spiked with 10-20 µg/ml of chloramphenicol or its analogue thiamphenicol.
In a further work [43] , the authors used a monolithic imprinted polymer prepared in situ, slightly decreasing the detection limit to 3 µg/ml and increasing the selectivity for the couple Today, by comparing features and performances of imprinted polymer and antibody-based assays (see Table 6 ), it is easy to see that molecularly imprinted sorbent assay can cope with several of these features, but many others issues seem yet to be problematic: [5] Yalow R.S., Berson S.A., Assay of plasma insulin in human subjects by immunological methods, Nature, 1959,184, 1648-1649.
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